Phenotypic and genetic characteristics of Pseudomonas cocovenenans NCIB 9450T (T = type strain) and strains isolated from cases of food poisoning caused by consumption of fermented corn flour are compared. Our results show that these strains are members of the same species and conform to the description of Section I1 of the genus Pseudomonas. Because of small differences in substrate utilization patterns, the strains isolated in the People's Republic of China are thought to be biovars of P . cocovenenans.
Food poisoning caused by the consumption of fermented corn meal has been reported in certain regions of the People's Republic of China. The incidents have been more concentrated in northeastern and southwestern People's Republic of China, where people consume foods such as corn bread, noodles, and dumplings that are prepared from fermented corn meal. The fermented corn meal is generally prepared by soaking corn (mainly maize) in water at room temperature for 2 to 4 weeks, washing the preparation in water, and finally grinding the wet corn into flour (rough starch) for various uses. When the wet rough corn starch is stored moist at room temperature for a period of time before use, food poisoning may occur. In 1963 Jin (7) isolated a yellow-pigmented rod-shaped organism from such foods implicated in food poisoning. Mice fed fermented meal that had been inoculated with the bacterium died with symptoms similar to those observed in cases of human intoxication. In 1973, workers at the Heilongjiang Provincial Anti-Epidemic Station (5) again isolated gram-negative, yellow-pigmented, rod-shaped bacteria from cases of food poisoning. The isolation of large numbers (in some samples almost in pure culture) of the bacteria from cases of food poisoning was strong presumptive evidence that these organisms were the agents responsible for the illness. Soon after this, a research group was organized to examine the pathogenesis of cases of food poisoning caused by consumption of fermented corn flour. Workers in this group (13) identified the bacteria as members of the genus Flavobacterium and named them "Flavobacterium farinofermentans. " In 1982 and 1985, Zhao and co-workers (17, 19) studied 17 strains of the bacteria that were isolated in Heilongjiang Province, showed that they conform to the description of the genus Pseudomonas, and named them "Pseudomonas farinofermentans," with strain T7707-a as the type strain.
In recent years it has been shown that bbP. farinofermentans" is also the agent responsible for cases of food poisoning caused by consumption of deteriorated Tremella fuciformis (white fungus) in Shandong, Hopei, and Honan Provinces. 'bP. farinofermentans" produces two toxins, bongkrekic acid (6) and toxoflavin (18), which are similar to the toxins of Pseudomonas cocovenenans (16); in addition, the factors that influence the production of toxoflavin are the same for these two organisms. Therefore, we presumed that these bacteria were members of the same species or closely related species (18).
Bongkrek (flat white cakes that are covered with white mold and wrapped in banana or other large leaves) is made by fermenting pressed or grated coconut with the fungus Rhizopus oryzae. In Java, this product is eaten by millions of people without harm, but occasionally a bacterium overgrows the fungus and produces bongkrekic acid and toxoflavin. Ingestion of small quantities of these toxins causes poisoning (1). It has been demonstrated (unpublished data) that this bacterium belongs to the genus Pseudomonas, and the name P. cocovenenans has been given to the organism (10, 16).
The Approved Lists of Bacterial Names (14) included P. cocovenenans, and the paper cited for a description of this organism was the paper in which the name was proposed (16). However, in this paper (16) no description was given. Thus, in Bergey's Manual of Systematic Bacteriology (ll), the following information concerning this organism is given: "To our knowledge, no description of this species is available and the first time this name was proposed (van Damme et al., 1960) was in conjunction with the description of toxoflavin, the yellow poisonous compound produced by this organism. Even though the most appropriate position in such a situation is the one adopted in the eighth edition of the Manual, where the species is placed among the species incertae sedis, the name is mentioned here for the potential interest of the organism whose type strain is available from collections (NCIB 9450). "
In this study we compared the morphological and biochemical characteristics, substrate utilization patterns, drug resistance patterns, and guanine-plus-cytosine contents of " P . farinofermentans" and P. cocovenenans. The results of DNA-DNA hybridization experiments and the antigenic relationship between the two organisms are also described below. Our results show that these organisms are members of the same species and that they conform to the description of Section I1 of the genus Pseudomonas. Strains. P. cocovenenans NCIB 9450T (T = type strain) was obtained from the NCIMB, and P. cocovenenans LMD 38.18 was obtained from the LMD. Pseudomonas cepacia ATCC 13945 was used as a control. The 17 strains of "P.
farinofermentans" which we used are listed in Table 1 .
Media and culture maintenance. All of the strains which we used were suspended in a 10% skim milk-1% sodium glutamate solution and preserved at -40°C. The strains were also preserved by lyophilization.
Morphological and biochemical characteristics. The strains were examined by using methods described in the Manual of Methods for General Bacteriology (4) and Cowan and Steel's Manual for the Identijication of Medical Bacteria (2).
Substrate utilization test. The substrate utilization test was done by using the method of Stanier et al. (15) and the basal mineral medium of Palleroni and Douderoff (12) .
Guanine-plus-cytosine content of DNA. DNA was isolated by using the method of Marmur (8). The guanine-pluscytosine content of DNA was calculated from the melting point by using the procedure of Marmur and Doty (9) .
DNA relatedness. The levels of DNA relatedness of the strains were calculated by using the renaturation rate method of De Ley et al. (3) .
Toxin extraction and characterization. Toxoflavin was extracted and examined by using the method of van Damme et al. (16); bongkrekic acid was extracted by using the method of Nugteren and Berends (10) .
RESULTS AND DISCUSSION
Morphological characteristics. All of the strains were similar in morphology. The bacteria which we examined were nonsporeforming, gram-negative rods (0.3 to 0.5 by 1.6 to 2.0 pm), nonencapsulated but mucous, and motile by means of one to seven (mainly one to three) polar flagella. As determined by light microscopy, the bacteria contained Sudan black granules, and as determined by electron microscopy, each cell contained a few vacuoles which were lipid in nature. Ultrathin sections showed that these organisms had a multilayered cell wall typical of gram-negative bacteria.
Cultural characteristics. The colonies of the strains which we examined were similar. On potato dextrose agar (PDA) plates, colonies were translucent, glistening, convex, and round with entire edges and smooth mucoid surfaces. After 2 days, the colonies gradually became greenish yellow; thereafter, the pigment diffused into the medium, and eventually the colonies became colorless. The pigment was toxoflavin. No lipid-soluble pigment was observed. In stationary liquid cultures, turbid growth occurred with a tender thin film and no pigment production; in aerobic shake cultures, pigment (toxoflavin) was generally abundant. Peptone-glycerol medium could replace PDA for maintenance of cultures and production of pigment. Factors that facilitated production of the pigment were aeration and the presence of potato extract and glycerol. The strains grew well on Mac-Conkey agar and deoxycholate agar and did not grow on Salmonella-Shigella agar and eosin methylene blue agar.
Hemolysis was not clearly observed on sheep or rabbit blood agar.
Physiological and biochemical characteristics. The growth temperature ranged from 6 to 41"C, with optimal growth occurring around 30°C. None of the strains tested grew at 42°C on PDA plates. Growth occurred in the absence of NaCl and not in 6% NaCl medium. Metabolism was respiratory and never fermentative. The oxidation-fermentation test was oxidative. Oxygen was the terminal electron acceptor; nitrate did not serve as an alternate electron acceptor, although nitrate was reduced to nitrite. There was no growth at pH 4.5. No growth factor was required. Good growth was observed on Simmons citrate agar. All of the strains tested accumulated poly-P-hydroxybutyrate in their cells. All of the strains were catalase positive and weakly oxidase positive. The oxidase reaction was so weak that it has been recorded as negative previously (19) . Phenazine pigments were not produced on King A medium. Gelatin was liquefied. There was no action against DNA. Lipases against Tween 20, Tween 80, and lecithinase were produced. There was no growth on alginate agar. Phenylalanine was not deaminated; lysine and ornithine were not decarboxylated ; arginine dihydrolase was not produced. Esculin, dextrin, and starch were not hydrolyzed; hydrogen sulfide (triple sugar iron) and indole were not produced. Urease was produced weakly; methyl red and Voges-Proskauer reactions were negative. These organisms grew on 1% triphenyltetrazolium chloride medium and did not tolerate cetyltrimethylammonium bromide. Cleavage of protocatechuate was of the ortho type. Gluconate oxidation was negative (2-ketogluconate production negative). Hydrolysis of o-nitrophenyl-P-D-galactopyranoside was observed.
Assimilation of organic compounds. The following compounds were assimilated by all 19 strains which we tested: acetate, acetylglycine, acetylsalicylate, aconitate, adipate, p-alanine , D-a-alanine, L-a-alanine, anthranilate, L-arabinose, L-arginine, asparagine, L-aspartate, azelate, butanine, butyrate, caprylate, cellobiose, choline, citraconate, citrate, ethanol, ethanolamine, D-fructose, fumarate, D-galactose, gluconate, D-glucose, glucuronate, glycerol, p-glycerophosphate, guanine, guanosine, heptylate, L-histidine, DL-P-hydroxybutyrate, i-inositol, a-ketoglutarate, kynurenate, DLlactate, L-lysine, DL-malate, melibiose, malonate, mannitol, nicotinate, pelargonate, L-proline, protocatechuate, pyruvate, D-ribose, salicin, sarcosine, sebacate, serine, sorbitol, succinate, D-tartrate, L-tartrate, meso-tartrate, DL-threonine, trehalose, L-tyrosine, urate, xylitol, and D-xylose.
The following compounds were not used by the strains which we tested: acetamide, acetophenone, m-aminoben- Table 2 .
Drug resistance and susceptibility. All of the strains tolerated sodium deoxycholate.
All of the strains were susceptible to co-trimoxazole, kanamycin, nalidixic acid, neomycin, tetracycline, terramycin, and vibramycin and intermediately susceptible to chloramphenicol, erythromycin, gentamicin, streptomycin, and rifampin. They were resistant to ampicillin, bacitracin, benzylpencillin, carbenicillin, furantoin, leucomycin, lincomycin, polymyxin, and sulfadiazine. All of the strains except strains NCIB 9450T and LMD 38.18 were resistant to furazolidone.
The guanine-plus-cytosine contents of the DNAs of our strains were 69 k 0.5 mol%.
The DNA-DNA hybridization tests showed high levels of relatedness (~9 5 % ) between P . cocovenenans and " P . farinofermentans" (Table 3) .
Antigen relatedness. Antiserum prepared with strain LMD 38.18 of P . cocovenenans agglutinated strain NCIB 9450T and strains of " P . farinofermentans" to full titers similar to the titer of strain LMD 38.18 itself. Double diffusion in agar showed that these strains have identical antigenic determinants.
On the basis of the results described above, we concluded that P . cocovenenans and " P . farinofermentans" are closely related and that they should be classified in the same species. Their characteristics conform to the description of the genus Pseudomonas (11) and to the description of Section I1 of this genus. Because of the small differences in substrate utiliza- tion patterns and susceptibility to furazolidone between these organisms, we suggest that the strains of " P . farinofermentans" should be considered a biovar of P . cocovenenans.
